LINICAL stereotaxic neurosurgery, first introduced by Spiegel et al. 9 in 1947, and continuously modified by others, too numerous to mention, remains an unstandardized experimental procedure for want of a method for creating a lesion of predictable size and shape, let alone accuracy of placement. For relatively acute work in the laboratory, the use of stereotaxically implanted radioactive spheres, 0.86 ram. in diameter, met some of these requirements. The isotopes were Pd 1~ and Au 'gs. Therefore, a study of long-standing lesions was undertaken before applying the method on a clinical level, since others ~,s have noted delayed effects after exposing the brains of laboratory animals to x-radiation, and the betatron beam. This report is restricted to a description of gross and microscopic changes 8 to ~3 months following implantation of Au 19s and Pd 1~ spheres, and evaluation of the method as an experimental neurosurgical adjunct. A method for accurate placement of the implanting trocar in the brain of man will be given in an additional communication. 7 PHYSICAL DATA Pd 1~ is a pure source of beta radiation. In contrast, Au 19s emits both beta and gamma radiation, but is an excellent source of beta particles in the doses used in these experiments. The maximum energies of the beta particles emanating from both these sources are nearly identical, 0.95 and 0.97 mev. respectively. Approximate computations based on the strengths used in this study indicate that the gamma radiation of the AC 98 spheres contributes a negligible fraction of the dose of radiation delivered within the area of tissue destruction. It was anticipated that the lesions would be discrete because of the limited penetration of beta particles in tissue. Adjustment of the size of the lesion was possible up to a point by increase in the strength of the source beyond the minimum for tissue destruction. However, the relation between these two quantities is not direct; it depends upon a number of factors such as beta ray attenuation, scattering, and the inverse square
LINICAL stereotaxic neurosurgery, first introduced by Spiegel et al. 9 in 1947, and continuously modified by others, too numerous to mention, remains an unstandardized experimental procedure for want of a method for creating a lesion of predictable size and shape, let alone accuracy of placement. For relatively acute work in the laboratory, the use of stereotaxically implanted radioactive spheres, 0.86 ram. in diameter, met some of these requirements. The isotopes were Pd 1~ and Au 'gs. Therefore, a study of long-standing lesions was undertaken before applying the method on a clinical level, since others ~,s have noted delayed effects after exposing the brains of laboratory animals to x-radiation, and the betatron beam. This report is restricted to a description of gross and microscopic changes 8 to ~3 months following implantation of Au 19s and Pd 1~ spheres, and evaluation of the method as an experimental neurosurgical adjunct. A method for accurate placement of the implanting trocar in the brain of man will be given in an additional communication. 7 PHYSICAL DATA Pd 1~ is a pure source of beta radiation. In contrast, Au 19s emits both beta and gamma radiation, but is an excellent source of beta particles in the doses used in these experiments. The maximum energies of the beta particles emanating from both these sources are nearly identical, 0.95 and 0.97 mev. respectively. Approximate computations based on the strengths used in this study indicate that the gamma radiation of the AC 98 spheres contributes a negligible fraction of the dose of radiation delivered within the area of tissue destruction. It was anticipated that the lesions would be discrete because of the limited penetration of beta particles in tissue. Adjustment of the size of the lesion was possible up to a point by increase in the strength of the source beyond the minimum for tissue destruction. However, the relation between these two quantities is not direct; it depends upon a number of factors such as beta ray attenuation, scattering, and the inverse square * Supported by grants from the Veterans Administration (Contract #V1001M-3~03), Eli Lilly and Company, and the James Foundation.
t Now at Ullevaal Sykehus, Oslo, Norway.
536
law. When a diameter of a lesion is required that exceeds the particle range of a certain pure beta emitter, it can best be obtained by employing an isotope that is a source of beta particles of greater maximum energy. 3,4 This, however, would not be the case with a source of both gamma and beta radiation, such as Au 198. For, when the strength of a mixed source is increased to the point that the gamma radiation becomes effective beyond the range of the beta particles, the diameter of the lesion will be increased roughly in accordance with the inverse square law. For this reason, it follows that gamma radiation will not produce a lesion as precisely demarcated as beta with its more limited range in tissue. It is this characteristic that makes a pure source of beta radiation the material of choice in stereotaxic neurosurgery. Additional physical factors, which must be taken into consideration in planning the volume of a lesion, are half life and self-absorption of beta particles within the source, both of which influence not only dose but rate of dose2 ,4 EXPERIMENTAL DATA
In studying the late effects of beta radiation, a series of 1~ cats were prepared. In 8, Au 198 spheres, delivering from 0.5 to ~.05 mc., were placed in the caudate nucleus. Placements were unilateral on the right in 5; bilateral in 3. Survival time was varied from 305 days to 717 days. In 4 cats, unilateral placement of Pd 1~ spheres, delivering from ~.88 to 3.50 mc., was carried out. The survival time was ~53 days in each animal.
All cats were observed at regular intervals. Those with Pd 1~ implantations showed no change in behavior or nutritional status. The same was true of the cats with unilateral Au ~gs placements. In the animals receiving bilateral implantations of Au ~gs there were transient and inconsistent neurological changes. These included piloerection, anisocoria and contraction of the nictitating membrane. The piloerection was maintained longest in a cat in which there was damage to the internal capsule. It was felt that these changes were probably caused by transient edema involving structures adjacent to the caudate nucleus or by injury to such regions in the insertion of the spheres.
All animals were killed under anesthesia by a method described elsewhere, 3,4 except for one, which died of intercurrent disease on the 471st day of the experiment. After thorough hardening of the brains in 10 per cent formalin, a single coronal section was made so as to expose the region of implantation for gross inspection. Following this, the brains were cut in thin coronal planes. Histological sections were prepared from one frontal and one occipital plane, from pons, medulla and cerebellum, as well as from the spinal cord. The entire region adjacent to the sphere was embedded and histological sections were prepared from many levels. Staining technics included hematoxylin and eosin, gallocyanin with and without van Geison's counterstain, Sudan black, Weil's method for myelin and Mallory's phosphotungstic acid-hematoxylin.
At gross inspection of the caudate nucleus, the lesions were seen as small,
